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I Continuous sonlcatlon method lor preparing protein encapsulated microfaubbles. 



@ An ultrasonic Imaging agent Is produced t>y a 
continuous jonication processing of an aqueous so- 
lution of heaWenaturabfe biocompeb1)te prot^ The 
solution i$ carafuBy preheated to a tempefatura of 
incipient piotain denaturation without forming in- 
adubllized proton. A gaseous fluid, preferably air. b 
added to the solution. In the sonicatioa t)\a air- 
containing solution is tbamed. Increasing the forma- 
tion and concentration of rritcrobubbles. and the so- 
CNlution Is further heated to InsolutlBw a portion of the 
<pfDt«in,Owtaby enca psulatin g the micioht^ibies and 
iforming partlcutats miorospheies. 
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CONTINUOUS 80NICAT10N METHOD FOR PREPAWNO PfWTBN OlCAPSULATa} •«CR0B0B8l£S 



FIELD OF INVEIfnON 



This myamion rstates to ultrasonic imaginQ of 
the human body for diaQnosac purposes: and. 
more particularty. to the preparation of ultrasonic 
imaging agents by sonicatton of protein solutions. 



BACKGROUND OF MVENTION 



ft hu been Icnown since 1968-70 that contrast 
echocardiography can be used to delineate in- 
tracarcfiac smx:tur8s. assess vaMitar oompetencs. 
demonstrato intracardiac shunts, and kJorttify pert- 
cardial effusion. (Gramlak and Shah. 1968; and 
FOigenbaum et aL. 1970). Uttrasorte (maging oi the 
he»1 potenlialy has Important advantages ol con- 
venience, safety, and reduced: cost over prasent 
diagnostic procedures, such as .angiography, which 
requires the use of ratfo-opaque dyes tor X<ray 
imaging, or the use of radionucfide imaging agents 
tor radloimaging. However, prpgress in practical 
applications of ultrasonic imaging has been de- 
layed by the lack of effective cUmcalty-usabfe tm- 



Ultrasomc imaging ultifizes an ultrasonic scan- 
ner to generate and receivB sound waves. The 
scanner is placed on a body surface overlyinQ the 
area to be imaged, and sound waves are directed 
toward that area. The scanner detects reflected 
sourxl waves and translates that data into images. 
When ultrasonic energy is transmitted through a 
substance, the acoustic properties of the sutistanoe 
depend upon the velodty of the trartsmission and 
the density of the substance. Changes in the sub> 
stance's acoustic properties : <e«,- variation in 
acoustic Impedance) are most prominent ai the 
interfaces of c&fferent substances, such as a liquid- 
soGd or iiquid^as interface. Consequently, wtien 
ultrasonic energy is directed through media, 
changes in aooustiG properties wiQ result In more 
intense sound reflectton sign^ for detectton by 



Ultrasonic imagjbig agents jean consist , of small 
solid or gaseous particles which, when iniacted In 
the circulatdry system, provide improved sound 
renection and image darfty. Mlcrobubble^pe im- 
aging agents coraist of minute bubbles of a gas 
(usually air) which are dispersed in a carrier . liquid 
tor parenteral Injecdon. The i*mlcrDbubbiea* are 
carried by the ciroulatory system to thia organ 
bemg Imaged. 

4 has been proposed to form a disperston of 



tfr mioobubbles in a wann aqueoiis getotin soto- 
tion. and cooing the sobtion to a aofidificaSon 
ten^eialure to irv the microbdbfatos For admln- 
istraiSon. «w gelled disperston is to be wanned until 

9 it fiquefies. and parwrteraBy admlmslered wuh the 
microbubbtos tfspersed in the liquefied gelatin. 
Oickner. et al. U:s. Patent 4.27B.885: and Tickner. 
et 81. National Technical tntormation Senrice Re- 
port HR-69217-1A. April 1977). Gelatin-trapped 

10 micfobubbles on intredudton Into Ihe btoodsnwm. 
have a short lifetime. They rapidly diss^iato. An- 
other tfsadvantage is that the micTobut>bles ere too 
large to pass through captOary beds, and are ther«- 
tore not siatafole tor heart imaging by perfpherat 



The discovery by Or. Steven B. Feinstoin of 



reyesentod an impdrtani advance in this art Usmg 
viscous aqueous solutions, such as 70% sorbitol or 

to dextrose. Or. Feinstoin produced a d i spersion of 
mioobubbles by high energy sonicaSon of the 
solutions. The resulting microbuhbles had soas 
■toss tost 10 mioons. and were capable of passing 
ttvough capdary beds. The penisianoa of the 

as micnibubblss. .aRhoughof the order of a tew min- 
utes, pennitled the imaging agent to be prepared 
and administered intrevenously tor heart inugvig. - 
(Feinstoin. et aU 1.984; and Feinstoin U.S. Patent 
4.S72L203.) 

SO Subsequentiy Dr. Feinstoin . sougttt to improve 
Ihe persistence of (he mioobtdibies. He iound that 
. by sonicatton of a heat-sensitive protein, such as 
albumin, mioobubbles of improved stability were 
cbt^ned <f=einstwi U£. Patents 4.S72.203 and 

S9 4.7ia433). Concentrations of microbubbtoa of 10 
10 14 « 10^ micfobubbies per mllliGtor were ob- 
tained with buMsle ^zes from 2 to 9 microns 
(Kafter. Feinstein, and Watson. 1987). The mtorp- 
bobbies persisted for 24 to 28 hours. However, the 

«o sonication-produoed atoumln microbubbie Imaging 
of Feinstoin was net sufficiently slabto fbr oomrner- 
cial fnanufacture. 

Stabifities of the order of weelcs or months 
(rather than hours or days) are icquirad to potmH 

48 an imaging agent to be manufactured ai a central 
location and distributed to hospitals to ttw United 
States and other countries. Ror commerctoOy lea- 
siblo martufacture. shipment and hospital storage 
, prior to use. a stabifity time of at toast. four weelcs 

so is needed and preferably at toast eight weeka. or 
lortger. Abo. for Ihe most e<feclh« imaging. .It to 
desirabto to Ivave Ihe highest obtoinatito concentra- 
tion of miciobubbies In the imagir^g agent. An 
imaging agent of very high mioobubbto contenlra- 
don is inherently bettor, and a safety factor to 
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provided. These advances hi the sonicalloo genare- 
tion of albumin encapsuWed mtaobubWea haw 
been parttaDy achieved by Molecutar eiosysiems, 
he. San Diego. CA. The experimental •ALBUNEX' 
product of tWs company comprises microsphorw 
having microbubble centers with insdubflteed al- 
burnn wafis. 

Prior to the present inventkyi. however, the 
•ALBUNDT mterospheres have only boon 
pared In srnaii quantHies on a batch-fcH)>tdib^ 
It was not fcnown whether large scale commercial 
production was feasible. No one knew how micro* 
butsbles encapsulated with alburrUn ooutd be prv- 
duced on a continuous basis while obtaining size 
control, high micnsbubble coneent r afl o n. and long- 
term stabifity. 



8U1MMARY0FINVM10N 



TOs Irivention provides a sonicatlon method for 
oontinuoMsly produdng micfosphems compriaing 
pretsM eneapsulaied ndcrobubbles In controned 
smal sizes. effectTve concentraHon ranges, and 
commercially and clinically pracCcal stabilities. As 
in prior practioe. a dHute aqueous solution of a 
heat-denaturable, water-soluble, biocompatible pro- 
lain is prepared. For example, as in prior prectice. 
a sterile 6% aqueous solution of hwnen serum 
sibumhi can be used. f=dr continuous production, it 
has been tbtfid » be critical to rapidly heat incre- 
ments of the protein solution to a temperature of 
incipient denaturation for the protein. An indirect 
flow-through heat exchanger can be used for this 
purpose, but it is important Ihe the temperalue of 
the heat exchange Squid medium be carefully con- 
imlled. Essentialty the heat exchange mecSum 
Should be at the desired incipient denaturation tem- 
perature. At the conclusion of the rapid heating 
step, the protein solution is on the verge of de- 
naturation but should not contain denatured protein. 
The heatirv to the temperature of incipient denatur- 
ation la cvried out without appreciate protein in- 
soim)i^ttiiiftw« 

Another crftical feature of the process is to 
introduce a biocompatible gas into the protein solu- 
tion. Starfle air is preferably emptoyed for this 
purpose. The Introduction of air provides an excess 
of airlor formation of ttie mtefospheres. Air addi- 
lion can be carried out before, during, or after the 
healing. In a preferred procedure, however, the gas 
is introduced invnedately IbllowtnQ the heating, 
concunentfy with the Introduction cA the heated 
solulion into the sonicatlon chamber. 

. The gas-oontaining heated increments of pro- 
tein solution are oontinu6usfy passed through a 
chamber encfoaing an operating sonfcator. which 



provides a sonicator horn In contact with the sofo- 
tion The sooicalioo produces gas micrdtxAWes in 
the somtiqn while the protein therein Is quicWy 
heated to insofobiKze around Ihe micrebubbie. 

9 Snce the sohifion has airoady been heaJBd to a 
temperaiura of , incipient denafunSon. only a few 
degrees of addittonal heating is fe^dred to pro- 
duOB Ihe Insotubilixed profein. which forms the 
wails of Ihe microspheres. 

,0 The formation of a targe population of minutB 
m iu o s pheres (less than 10 micnjna In diameter) 
takes place with extreme rapidity due to Ihe excess 
«ir presem fin the soMion. The IrtsohMted aK 
bunin is formed with equal lapUity because of the 

15 preheated oondUlon of the aolutlon. ftese tactois 
lesiilt in extremely rapid formation of the protein- 
encap su iated microtxibbles. reterred to herein es 
*in iu u ap her es \ The residence time of a solution 
mcrvment fo the sonicator chamber can be very 

" **%y the inethod of this invention It is possltte ID 
form the micrbsphere imaging agent en a oori- 
Snous. NgNxoduoHon basis. The sofofion as die- 
charved from the sonication chamber akeady con- 
as tains the stable, small sUs. p i o te ii>-encapsulated 
microbubbles. Qnly a smali amount of oversin or 
undersixe rnicrosphores are preeerit TWs eftni' 
nates the need for any Sme-comumlng fracHona- 
tfons. Mense foaming of the solution occurs during 
ao Ihe eonicatfoA. and the solution es cSscharged frorn 
the sonfeaflon chamber will have a loamy chat- 
acter. But the foam can be easily dissipated. 



3S.. THECmAWINGS 

The sonicalion method of this Invention for 
continuous production of albumin encapsulated 
40 microbubbles can be carried out in a sequence of 
operations. These operatfons are Illustrated dia- 
gwnmatlcaly by the accompanying drawings. In 

FIG. 1 Is a flow aheet illustrating the prepara- 
45 tfon of the albumin sohition; 

FIG. 2 is a diagrammafic flow sheet of the 
sonication operation, including the preheating, air 
introduction, and contlnous sm acatlbn : 

FIG. 3 Is an enlarged cross-aectional view of 
so a sonicator which may be used instead of the 
sonication vessel of PG. 2: 

FK3. 4 Is a now sheet illustrating the further 
processing of' ttw suspension of albumin mtero- 
spheres in a separatorxohcentrator. and 
55 FIG. 5 Is. an alternate si^araiorroorioentraior 

which may be used instead of the apparatus Ulus- 
trsted in FIQ. 4. 
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OETAILfO DESCRIPTION 



The starting mAteria] for prsctidng ttus inven- 
tion is an aqueous solution of a heat-denaturable. 
waler-fioiubie biocompatOXa protein. The encapsu- 
lating protein shouW be heat-sensilive so that it can 
be panialiy insoiubilized by heating Ouilng sonica- 
tion. More specifically, oolnddent with ttie aonica- 
(ion. a small portion of the di^oived protein ma- 
terial is insoiubifized. This results in a small volume 
of soUd phase materials, wtuch forms tfw encap- 
sulating layers around the microspheres. Heat-sen- 
sttive proteins rriay 6e used siich as albumia tie- 
mogiobin. coOagen, etc. For administration to hu- 
mans, tuman pretein is pr e fe^ed. Human senim 
albumin <HSA) is espedafly suftable. HSA is avail- 
able commerciafiy as a sterile: S% aqueous soiu- 
tton. whicn can be used directly as the starting 
material lor preparing the microspheres. Howrewer. 
other concentrations of abumin or other heat-<>e- 
naturable protains can be used. HSA concentration 
can be varied, lor example, wwiin the range trom 1 
to 25% by weighL In the continuous process of §ie 
present invention, it is desirable to utfEze (he pr»- 
tsin in the fonn of a lute aqueous solution, f^ 
albumin, il is preferred that the solutkyt borttain 
from 0.5 to 7.5% by weight of the albumin. Be- 
cause of the extremely, favoratde ooricStions estate 
fished for microbubble generation, protein ln> 
solubilization, and rasuHing encapsulation, concen- 
trations within 5% albumin may t)e used, such as 
from 0.5 to 3%. 

Commerdally-avallable equipment may be 
used in practicing tMs invention. The Itoed prepara- 
tion operation utiliziBs stainless .eteel tanks and pro- 
cess fitters which can t» otitalned Irom Walker 
Stainless Equipment Co.. New Lisbon. WL and 
MDGporr. Bedtord. MA. respediyely. as weK as oth- 
er companies. This operation Insures that afl feed 
mecfia to be sonicatsd will tM iconsistBnt with 
reqiffrements and regulations. . 

TYte soriication operation iiSGzes both a heat 
eicchanger and a flow through sonicating vessel. In 
series. Heat exchanger equprnent of this type can 
be obtained from ITT Standard. Buffalo. Mew Yortc. 
and other companies. The heat exchanger main- 
tains operating temperature Ibr the sonication pro- 
cess. Its temperatufe ooritrol of the sonication me- 
dia fwiges Ifom 65'C to 80*6. depending on (he 
medWs makeup. 

SoTMcation equipmem's vibrafion frequencies 
can vary over a considerable range, such as from 5 
to 40 kilohBrt2 (kHz), but most oommerdaDy-avaii- 
able sonicators operate al 20 ikHz or 10 kHz. The 
20 kHz sonicators perfonn well for purpose of this 
invention. Such sonicating equipment can be ob- 
tained from Sonics & Materials. Inc.. Danbuiy. CT. . 



and other oompahtas. Sonks & Materials VUiraCea 
or simBar model can be used with a flat tip sonca- 
tor hora power applied to ff«e sonicator hom 
can be varied over power settings scaled from 1 to 

5 10 by the manufacturer, as with Sonics ft Materiato 
Vibra-CeB Model VL1500. An intetmedc a tt power 
setting can be used (viz. irom 5 to 9). The. vfbre- 
tional frequency and the power sailed must be 
sufficient to produce cavitalton fa) the iquxJ being 

M sonkraied. Feed flow rates range hom 50 ml mm to 
1000 mirfnin. Residence limes in the sonication 
vessel can range hom 1 sec to 4 mins. Gaseous 
fhiid eddltkKi rates range bom lOocmin to 
lOOcCWn or5%to2S%ollhefeedftowfate. 

ts Sonicetiort is delSmtehr carried out in such 
manner as to produce intense loamkig of the aoto- 
tkm. oontnvy to cunvenlion al 'sonicaltons. wtisra it 
is desirable to avoid foaming. For the purpose of 
the prssant invenfion. foaming arid aetosolating are 

so important tor obtaining the imaging agent of en- 
hanced ooncentrabon and stabiMy. To promote 
framing, the power biput to.the soncatDr hom may 
be tooeased. as weo as operating the process 
under slight pressure (iJB.. 1-5 psi). The foaming 

23 produced from the sonication is immediatoly de- 
tectable by the cloudy appearance of the sokitton. 
and by the team produced. 

By means of the oontinuotes sonicatian , pro- 
cess, comprising ttie cavitation phase lODowed by a 

30 foaming phase, the. concentration of the encap- 
sulated miaobubbles. refened tc herein as 
'nucrospheres". can be greatty increased. Con- 
centrations In excess of 40 x 10* microspheres per 
miniQter are easily obtainable, such as from 40 to 

as 200 X 10* concentrations. Moraower. the resuking 
microspheres wfil be predominatsly of diameters 
less than 10 microns. FOr example. 80% or more of 
the mtcrosptwres can ftve diameters in the range 
from 1 to 9 microns with a mean diameter of 4 to 6 

<c ' microns. 

When the sonication Is carried out in contact 
with air as the gaseous fhjid. ttie macfospheres will 
have air centers. Air is beieved to be the most 
conveNent gaseous fhjId. but if desired sonication 

4S* couU be carried out under other gaseous Hukls 
(viz^ nlfrogen. oxygen, carbon epoxide, etc.). 

The conlinous sonication process aikjws for a 
continuous or at least a semi-continuous 
e^MTBtioiKGoncentration operation. Aoatn a .stafrt* 

so less steel tankhossel can be obtained bom WBaoar 
Stainless Equipment Ca. New Lisbon. Wl. or other 
companies. The separation.'concentrefion operation 
altows for total control of tfw product output in 
terms of microsphere c o nc e n t ra tidris and overall 

95 means sphere size. 

Since microspheres are buoyant they tend to 
rise to the surface of the dispersion. By hdtf ng the 
dispersion without agitation for a number of hours 
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(via. tor 1(0 B hours), most of the mlcfOsphef«s wiQ 
riso to the surlaoe and concentrate in an upper 
layer above the darified sotu&xi. By this 
separattorWtoncehtration operation or Hoat-eepara- 
tion' of the mteros p hefes microspherBS Into an 
upper layer, portions of the darffied spiution can tie 
removed from lielow (he mioosphefes. thereby 
obtalninQ « dispersion of greater micrbsphere con- 
centration. Ftof ewnple, 'from .50 to 75% of tm 
solution volume may be rismoved in tWs concentra- 
tion process. This clarified solution may bo re- 
cycled back to the feed preparadon operation. 

If needed, either before or after the. above- 
described concentration.: float-separation of over- 
axed miCfOSpherBS csn:be obtained. Urjge size 
mIcrospherBS sucK ai one having diameters great- 
er than 10 microns have relatively greater Ixjoy- 
ency. They will therelore rise more rapidty to the 
surface of the solutloa By uti&2ing a short hoidlng 
lime, such as from 15 to 45 minutes, the largest 
size microspheres can be selectively coOected in a 
smaH upper layer above a dl&perslon whtoh wiB stiH 
oontrin substintlaOy aO of the mloospheres of 
smali size. By removing; thh nricrosphere (f spor^ 
slon from beneath the ttayer of oversize micro- 
spheres, a fractionation may be achieved In wtwch 
the larger mfcmspheies will remain In the vessel in 
which (he fractionalion is. canted out However, the 
mherenl size control obtained by the continuous 
sonleatloA of this Invention matces It unnecessary to 
carry out lengthy seperation steps lor removal of 
ever or under size microspheres. 

The imaging agent produced by this combina- 
tion of continuous senicatian and the 
separation/concentratson - can have a 
twmogeneously-dispersejd concentration c< greater 
Itian 22 x 10*. such as from 100 to 1200 x 10* (1 
to 12 X 10») mtcrosphei^ per mflfiUtor. High con- 
centrations can be lirtaintained for Jong perioc^ of 
holding at ambient room temperatures (20^*0): 
Conoentnlions above. 2()0 and typicaRy above 44 x 
Itf microspheres per ntiBiliter can be maintained 
fbr pertoda of at least fbur and usually eight weeks 
or longer. 

IIXUSTHATIVE EMBODIMENTS 

Rgures 1. 2 and 4 inustrate the three oper- 
ations of a manufacturing plant for producing the 
microsphere imaging agent The feed medlunfu 
comprising the albumin solution. Is first subject to a 
feed preparation operation. The medium b then 
fransported to the aonication operation. After (ho 
medium is heated and jgaseous fluid is added, the 
medium is sof4cated. B is then i ra nap c rt ed to a 
separation operaSon, wfiere the microspherea are 



concer U i ate d. The darifiod meAsn can be re* 
moved from the mfcios ph eie suspension, and re- 
cycled beck to the teed preparatioo operafion. 
Figure 1 details (he feed piepar al lon. The ieed 

9 mecfium b pumped Ihnxigh a seHwafWawto 
veSdate (he Used medium wider n>A specMoeSons. 
The fifterad medhim te then plaoed In one or more 
toed tanks Ibr the sonicaiion operatloa 

Rgure 2 details the sonicafion operrfon. The 

fo medium b passed through a flow contnjli^vewd 
a heat «xcf»ar»ger twtore entwing (he aonication 
vessel. A gaseous fluid. proferaWy a«r, is Wio- 
duesd into the feed medium either att or betore tfie 
sonicsBon vessel at e controlled rate. For example. 

rs air may be suppled from a prossurtzed sowce, 
such as bolted compressed tat. or suppli ed fay m 
eir purr^. The air should be in stertfaed condition 
betore it b added to (he sokifton. 

Rgure 4 oettf b tfie separation and ooncefdra- 

20 6on operation Hem the mioo^iheies are oonoen- 
«ated by floateeparalion at or near (he top d the 
vassal, which may contain a static detoamer as 
shown. TWs deltoamer can also s erve to xSanipl 
terge size mk»»pheres which are .ftaeting on lop 

as of Ow eoiutlon. TTw rrucrospheras conoentrtta n 
selectively removed. Tl» dartttod medkm in the 
bottom of the sepaiator can be fiaported back to 
(he feed preparation operafion and focyded ln Ws 
lecycGng. an soid material and panicles are re- 

30 moved, leaving only the proteiri in sofcrtiorL 

f^ure 2 Ikjstrates the operation which b the 
heart of the process. As Indicated an insuiatkm 
jacket surrounds (he heat exchanger and sonkstor 
vessel. The prepared albumbi solution b pumped 

3S through a flow meter controfler into the feed end ol 
the tube and stieH heat exchanger. In the heat 
exchanger, the albumin soUkxi passes through 
multiple tubes which extend to (he dtecharge end 
of the exchanger. Theee tubes may be dnttto 

40 facksted to assure separation koim the heat eansler 
motSktm, wfatah enters the space eunownSng the 
tubes near the cSscharge end. and flowe counter* 
cunemly to' the. albumin solutton before discharge 
near the feed end of the exchanger. Bultebie Bquid 

45 heat transfer media are water arvH mineral oil. 

The temperatute of (he heat banster mediifli is 
carefuBy oontroHed to a temperature conespondng 
to (he terget ii^ciplent denatura6on temperature of 
the aburrUri. For humw serum albumin, (he indp* 

eo tent denaturation rar^ b between TO'C and 
75' C. Temperatures above 75' can result In sub- 
stenflai msolubillzatlon of the alwniln. A desirabia 
operaling range for the heal iranitfer medhim b 
frem 72 to 74' C. The albumin aolution b heated 

88 rapidly with a etngie pass through the hei^ ex- 
changer from an intot temperature of 20 to 30*C to 
an ouffet tamperatuie of 72 to 7a'C. to practkx. 
the resWenoe time ki the heat exchange! can be 
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less than one minute, such as frem sbout 4S to 55 

As Shown in FtQuns 2. tflsr fspid hesflnQ to sn 
incipient denaturation lempefatuns lor the albumin, 
tfie tolufian is passsd to ttw inlet of a. jacketed 
sonication vessel. This vessel may be of cmal 
volume, such as from 2S to ^400 6lefs. In ihe 
vessel, there is mounted a sonicatsr hom lor drect 
contact with the solution as ft-ftows through 0ie 
vessel. Into the tsottom of Ihe vessel there b k«ro' 
duced a continous flow of sterile, filtered air or the 
sonication proceeos. The air is dispersed in the 
solution, and rapidly formed Into. microspheres. TTie 
temperature of the solution M the sonicator is 
raised a few degrees aooM its entry temperature, 
the increase being sufficient tojinsolubifias a por> 
lion of the albumin. For enmple. from OJ to 3% of 
the dbumtn tntroduoed into the vessel may be 
denatured and thrown out ol solution to provide the 
encapsutatlng protein. Under steady flow cona- 
tions, the control temperatires of tfie solution in the 
sonication vessel can be 74*C 'a. OJL The suspen- 
sion of microspheres as dischai^ed from the 
sonicaSon vessel wID have this tem p era t uie. which 
may be sensed by a temperaiure eontraOer. using 
a feedback to a regulator lor the fkm rate of llie 
heat transfer medium. 

The removed foamy suspertsion. of Ihe mtcro* 
spheres can be passed througlK a static miner, but 
this is optional. If ussd« the static mixer can begin 
to break up the foarh, and provide a homogeneous 
dispersion of the microsphofes. As shown in Rg. 4. 
the foamy suspension is passed to a separator arxl 
concentrator unit which inckdes a static defbamer. 
The micfospherss am removed tnth Ihe solution 
flowing over flie lop Of the wiolr. The defdamod 
sotutlon Is removed and passed through a sialic 
mixer. 'The mixer assures that the microsphefes are 
homogeneously dispersed in ttie sobtion. 

Preparation of the imaging agent is completa at 
this point. Attx^min microsptieres of the desired 
size are wltfiin the range born i to lO.micnins 
example, they may be predomkiately sized from .3 
to 8 microns. The microsphere: concentrate prefer- 
ably has a concentration in ttw range from 400 Is 
800 10* microspheres per miOlI^. The suspension 
of the microspheres may be piackaged in suitable 
vials under sterile conditions for subsequent admin- 
istration as an uftrasordc Imagbtg agonL , 

Hgure 3 llkistrates an alternate sorrication ap* 
paratus. Similar sonicator unltstare otitainable 1^ 
Sonics & Materials. Oanbury.- CT. A small size 
chamber can be provided, which may have en 
internal volume of. about 50 to ilSO cc. The sonica- 
tor provides a horn wtiidi extelids into ttto sonica* 
tion chamber, and ttw ctiamberihas a cavity-provid- 
ing mrall portion, which as ihown Is Intha lonn of a 
cup. This cup Is arranged in.ckisely-spaesd op- 



posed relation to the aonicatof horn. The sonh»tor 
horn may OKtend into the cavity of the s oniaior 
cup. Throu^ 8 prosfpft exisrHflng Into tfie boQora 
of the sonicator cup. a premixad ajn-aaMmin aok^ 

« tion is introducod. The albumin aokitioo has been 
passed through ttie heat exchanger, as previously 
descrSied. «id 9ie air is introduced from • eouree 
of pressurized air under sterile condftions. The 
resktonbe time of ihe.sokffion in the aonicBtor can 

10 be very shoit such as of ttw order of 1 to 20 
seconds. The loamy suspenskx) of atoumin micro- 
spheres as discharged hom the sonication cham- 
ber is processed as previously described with ref- 
erence to Figs. 2 iond 4. 

ts bi Hg. S. there is shown an aitemate 
separ8tor.>oonoentrator in the lOnn \i .a funnel: 
shaped vessel ^qdpped at fts bottom with a valve- 
cx m tio l led outiet A series of sudi separatory fur>> 
nets may bo used, permitting inoemerU s of the 

so toemy microsphere suspen ston to be held for 
defottntng and size separation. The foam ooBecte 
on top of the solution together with over* size mkj&- 
splieres. Undersize ' m ierospherae oonoentrate to- 
ward the bottom of the fkmel. and can be- removed 

as to gett w wUh ttw atoumin solution to be recycted 
as the first drainage fraction from the funnel The 
next ftraction will comprise (he albumin micro- 
spheres which are paned to a static mixer, as 
previously described, and then to packaging. The 

so final traction removed Irom the separatory funnel 
wiH comprise the residual foam and oversize micro- 
spherea, end is discharged to waste. 

3S OPERATIMG PROCEDURES 



Feed Preparation* 

FUl the 100 or 200 nte^ feed tanks with aqueous 
albumin. S%. Pump the aOMimln thipugh ttw filters 
at rates between SOmlAnln to IL rnln. The filter 
albumin Is placed in ttw sonication o p er a tion's feed 
49 tanks. 



Sonication: 

80 A controlled flow of albumin, between SO 
mUnln and 1 Gter/mtn, is transported tttrough a 
heat exchanger, equipped with a feedback terT>- 
perature control kx>p designed to control the al- 
bumin temperature duraig the sonication process. 

S5 The temperatures ol ttw heat transfer medium and 
ttw heated, sobtion are as previously described. A 
filtered gas (i.e.. air at 25ccniin to 200 ccmin) is 
added to the sonication procesa. This air greatly 
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enhances cavitation and formation of microbutJbles 
during the sonication ptecess. Using a sonication 
vessel as shown in Rg. 2. the total residence time 
in the sonication vessel is tMtween 1:0 and 4 
minutes. The sonicatioo power (or eneityy) setttng 
can be. set at a range of 6 to 10 (en a scale of 1 to 
10). "nie static mixer after sonication deioams the 
loss dense loam. Optionally, the sonication product 
may -be placed in a holding tank and mbtsd before 
proceeding to the aep a ra l lon operation. 



SeparaHoofCo i iceriir a tloa 

Ttw sonication operations product settles out 
between 1-6 hours without agitation in a 
separator/concentrator vessel. When substantially 
ail the microspheres have formed a layer on the 
top. drain approidmateiy two-thirds of the volume 
from the bottom, the top layer is micnMphef« 
pnxhJcL The bottom layer b returned to the teed 
pr^eralion operation to tM recycled. 



Opfional Fractiwaiion^ 

Resuspend the microspheres and fin a 60 mi 
syringe with them. iBt sft 30 miniites, then drain en 
but about the last 3-4 ml into a collection vessel. 
The oversize microspheres are left Count a sam- 
ple end calculate the concentration, mean cflam- 
eter. and percentage less than 10 microns, (f less 
than 90% are less than 10 microns, re-tractionate. 
If required for red spersion. the concentration may 
be adlusted with S% human senan albumin. 
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Clalnis 

1. A sonication method fbr contlnously produc- 
ing protein encapsulated microspheres, comprinng 
the steps of: 

(a) preparing a dUuto aqueous solution of a 
heat-denaturablei. water-eotuble. btocompalible pro- 



tein: 

(b) rapidly heating increments Of said solu- 
tion to a temperatura of knapienl denaturailon for 
the protein but wiiKoiit. appractebto protoih In- 

5 sohjbiBzation: 

(c) flowing a biocompattole gM into inen- 
ments or said solution before, during, or alter said 
heating for entrainment therein: 

<d) continuoosty passing said gas-cortaining 

fO heated Increments of protein soMion ttuough a 
chamber enclosing an epera^ sonicator wlifoh 
provides a sonicator horn in contact with the aohi- 
tlon fo the chamber, the resulting sortcaSon foam- 
if^ said solutipn and producing gas microbubbies 

J5 therein wWIe the protein therein is heated to in- 
solubiiize a portion thereof: and 

(e) continuously forming siabto pretein-en- 
capsulatod mtaospheres in the incrementt of solu- 
tion passing through said chamber. 

a> 2. The method of daim l in which said protein 
Is human sennn albumia 

a The method of . daim 1 in whnh aaid ehcap- 
sutated microsphefes are ptudomlnately Of dam- 
etera less than 10 microna. 

n 4. The method of ctaim 1 in which aaid chan*- 
bv has a cavtty-providing wall, portioii.ananged In 
close-spaced opposed relation to said sonicator 
horn, «id said gas-containing heated increments of 
aaid soluiion are introduced frtto said cavity. 

30 5. The method of daim 1 m ^Mhich said protein 
is Iwman serxjm aRMhin and the heeling of step 
(b) IS to e temperature behveen 70 and 75' C. 

6. The method of daim 2 in which said sohitton 
contains from 0.5 to 7.5 percent by weight of said 

as atoumin. 

7. A sonicafion rnethod tor continuously pro- 
dudng protein encapsulated miorospheros eom- 
prising the steps ol: 

(a) pieparbig a diluto aqueous solution of 
40 tniman serum albumin: 

(b) rapidty tteaiing increments of said solu- 
tion to a temperature of inidpient denaturatioh for 
the a8)umin without appreciable albumin in- 
solut>UIzation: 

48 (c) flowing sterile air Into the increments of 

said solution immediately, efter heating aaid aoihi- 
tioh so that said «lr is entrained in said aoiutlon: 

(d) contimiously pasdng said air-cor tta i ni ng 
heated incranients of albumin solution through a 

80 chamber enclosing an operating sonicator In coi>- 
tad with the solution in the chamber for sonication 
thereof, the resulting sonlcafion foaming said solu- 
tion and prod uci ng gas microbubbies whOe Ihe 
. albumM therein is heated to bisohJbnzs a portion 

ss thereof; 

(e) continuously forming stable protetn-er>- 
capsutated microspheres in the Inciements of sdu- 
tfon passing through' said chamber^ 
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<r) deftoammg the microsprier»<ontainlng so- 
lution and separaSng air Iherefrom: and 

(g) recovoring the encapsutatod ' micrD- 

fptMTM. 

8. The method tf fMm 7 in which the heetkig 
of siep (b) to to a tsinpervtue between 70 and 
75"C. 

9. The metrwd of daim 7 or daim 6 in which 
said solution contains fiom 0^ to 7^% fay ««ight 
of said albumin. 

10. The method of daim 7 or claim 8 in wNch 
said solution contains Irpm 0^ to 3% by weight of 
said aSMKi^. 

f$ 
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FIG 3 
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® Continuous aonlcation method lor preparlno protein encapsutaled mlcrobubble*: 



® An ultrasonic Imegino agent b produced by a 

continuous sonlcation pracassing of an aqueous so> 
iution of heai-denaturable biocompatible pfotain. The 
solution is carefiilty preheated to a temperature of 
incipient protein denaturation without (onming in- 
solubilized protein. A gaseous fluid. preferBbly air. is 



added to the solution, in the sonicafion. the air^ 
cxxitainihg solution Is foamed. Incrieasing the forma- 
tion and concentration of microtHibtries. and the so- 
lution is fwlfier heated to in s o h jbl Hx e a ponton of the 
protein, fheraby ancapsulafing the miciobubbles and 
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